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Abstract
The aim of this paper is to consider where lighting research is 
today and what its future might be. There is little doubt that, 
today, lighting research is an active field. A brief review of the 
topics being studied reveals that they range from residual 
studies on visibility and visual discomfort, through attempts 
to identify the influence of lighting on factors beyond visibility 
such as mood and behaviour, to the whole new field of light 
and health. But activity alone is not enough to justify a 
future. 
For lighting research to have a future it is necessary for it to 
be influential. To become influential, research needs to focus 
its attention on outcomes that matter to people and the 
elements of those outcomes on which lighting is known to 
have a major influence. Further, researchers will have to be 
determined to overcome the barriers to changing lighting 
practice. By doing this, lighting research may change the 
world for the better, to be an important topic, not an 
irrelevance.
Keywords  
Lighting, research, future, technology, measurement, 
design, performance, health. 
Glossary  
Photopic vision  
Occurs under daylight and conventional interior 
lighting. It is characterised by fine discrimination of 
detail and good colour vision.
Mesopic vision  
Occurs under outdoor lighting at night. It is 
characterised  by poor discrimination of detail and 
limited colour vision.
Scotopic vision  
Occurs in the absence of any lighting. It is characterised 
by  no discrimination of detail and no colour vision.
1. Introduction
In 2004 I published a paper entitled Lighting research for interiors: 
the beginning of the end or the end of the beginning[1]. It is always 
instructive for anyone attempting to predict the future to assess how 
accurate they were in the past, so the objective of this paper is to 
review what has happened since the publication of that paper and to 
consider where lighting research is likely to go in the future. The 
essential message from that paper was that to flourish, lighting 
research had to move beyond studies of the effects of lighting on 
visibility and visual discomfort. Specifically, it had to address questions 
about how lighting influences mood and behaviour through the 
“message” that lighting delivers to the perceptual system, as well 
as how lighting affects health and performance through what was 
then called the circadian system. Now it is more correctly called the 
non-image forming system. A move in that direction has certainly 
happened. 
There are still papers published on specific visibility issues such as the 
seeing of trip hazards when walking on the streets at night[2], the 
ability to acquire information from traffic signs[3], and the marking of 
a work-zone on a motorway[4]. Likewise, there are still papers pub-
lished on discomfort glare[5], [6] and, somewhat surprisingly, flicker[7], 
the latter being driven by the widespread introduction of LEDs with 
their very fast response times. Despite these, the last decade has seen 
a major shift in lighting research away from visibility and visual 
discomfort to work on perception and its consequences[8], [9], and 
to work on the use of lighting to ensure circadian stability[10] and 
improve work performance through increased alertness and cognitive 
function[11, 12]. From this it might be thought that lighting research is 
flourishing but I fear that it is not. Indeed, I rather suspect that the 
current state of lighting research might be compared to a fly in 
treacle, a lot of energy is being expended but it is not going anywhere. 
There are a number of reasons for this but, before getting to them, it 
is necessary to consider what the areas of active lighting research are 
currently.
2. The present
2.1 Technology           
Lighting technology is always an active research area, although this 
is not always evident as little is published in the open literature until 
the resulting products are ready to market. Nonetheless, the dramatic 
growth in the adoption of solid-state lighting over the last decade 
is evidence enough that commercial research on light sources has 
certainly been active, so much so that academic papers are now 
appearing that offer ways to improve the colour properties of existing 
LEDs[13], limit the glare from LED luminaires[14], and provide better ways 
to estimate the life of LED luminaires[15]. By combining LEDs in different 
ways, a wide range of light spectra can be constructed. This has led to 
a resurgence of research on colour metrics[16-20]. Further, the light 
output of solid-state light sources is easy to adjust. This, combined with 
developments in information technology and wireless communication, 
has encouraged the development of control systems responsive to 
human activity and daylight availability[21], [22]. These developments offer 
the prospect of lighting ceasing to be a relatively inflexible building 
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service and to it becoming a stimulating accompaniment to everyday 
life.
2.2 Measurement
Another area of lighting research where there have been signifi- 
cant developments is in the field of measurement. The most obvious 
changes have been the decrease in size and price of what, until recently, 
were very sophisticated measurement tools[23]. As a result, it is now 
quite common for luminance distributions to be measured using high 
dynamic range imaging[24], for spectral distributions to be measured 
using hand-held spectroradiometers[23], for what people are looking 
at to be identified using eye trackers[25], and for data on peoples’ 
perceptions to be collected for virtual lighting installations using the 
internet[26]. Such tools allow measurements to be made that once were 
either impossible or impractical, and therefore open up new fields of 
study.   
While such measurements have been shown to be useful, the potent-
ially most significant change in lighting measurements has had nothing 
to do with equipment. Rather, it has to do with the recognition that 
there are multiple spectral sensitivities operating in the retina, 
depending on what combination of the five types of photoreceptors 
present in the retina are active under different conditions, how their 
signals are connected, and the routes they take through the brain[27]. 
Despite this complexity, light as a physical quantity is still defined by 
applying the CIE Photopic Luminous Efficiency Function (V?) to the 
spectral power distribution. Every basic photometric quantity, luminous 
flux, luminous intensity, illuminance and luminance is defined using 
the V? function; yet V? represents only the outputs of the long- 
and medium-wavelength sensitive cones. When the main concern of 
people providing lighting was to ensure that people could see the 
detail they needed to see, V? was a reasonable way to measure light as 
it reflected the response of the fovea which is what we use when 
wishing to examine something closely. Although this is still an important 
aspect of lighting, other aspects of vision involving additional 
photoreceptors are now considered to be worth consideration, e.g., 
off-axis detection when driving, the perception of brightness and 
stimulation to the circadian system[27]. 
Although a number of alternative luminous efficiency functions 
for brightness perception and circadian stimulation have been pro-
posed[27], [28], to date, V? and the scotopic equivalent (V?’) – which 
reflects the activity of the rod photoreceptors – are the only ones recog-
nised for photometric measurements. Until this limitation is admitted 
and a series of spectral sensitivities for different effects approved,it is 
unlikely that lighting will be able to achieve its full potential. 
2.3 Design 
Another area of active research interest is design. Using conventional 
experimental techniques and sophisticated statistics, different lighting 
designs have been shown to influence perceptions of spaces and 
products[29]. This has commercial significance but the most interesting 
research is more fundamental. Cuttle has argued the need to change 
the purpose of lighting of interiors in general[30]. He argues that basing 
interior lighting recommendations on visual performance can no longer 
be justified. With few exceptions, light is now inexpensive enough and 
illuminance recommendations are high enough to ensure good levels 
of visual performance, especially as visual tasks have become easier 
with the development of improved photocopiers and better (or 
ubiquitous use of) display screens. Even when they have not, there are 
other technologies available that can do the task better than a human 
using unaided vision. 
Hence, he recommends that the purpose of interior lighting should be 
changed from ensuring adequate visibility so that tasks can be done 
quickly and easily, without discomfort or fatigue, to first lighting the 
space so that it is perceived as having adequate illumination, and then 
providing a hierarchy of light to suitably emphasise objects and surfaces 
of interest, including any tasks that require special lighting. This 
approach requires a different set of metrics and measurement 
procedures. Specifically, lighting recommendations would no longer be 
made in terms of illuminance on the task plane, usually assumed to be 
horizontal, but rather in terms of mean room surface exitance and task/
ambient illuminance ratio. This approach is capable of being applied to 
a wide range of situations, from simple open interior spaces where 
there is no knowledge of what is to be done in the space, to a sculpture 
gallery where a great deal is known about what will go where and how 
it will be viewed. Essentially, this approach can be called a perception-
based approach to lighting design[31]. In a way, it represents the 
change in how lighting is considered, from illumination engineering to 
environmental design. 
2.4 Performance
While the fundamentals of how lighting and task characteristics affect 
visual performance are well established[32], there are still papers dealing 
with specific tasks, usually tasks where the stimulus is characterised by 
multiple contrasts and colours. For example, Fotios et al have been 
active in studying the ability to recognise intent from facial expression 
under street lighting[33], while Mundinger and Houser have shown that, 
contrary to popular belief, surgeons have no particular preference for 
the CCT of operating lights[34]. 
A more general trend in research related to performance has been the 
move away from simple visual tasks to looking at how stimulation of 
the non-image-forming system by light affects the performance of 
cognitive tasks and the intermediate condition of alertness[35]. This 
move started by looking at how alertness and cognitive performance 
could be enhanced during a night shift by the suppression of the 
hormone melatonin[36]. Then attention switched to what effects there 
are on alertness and cognitive task performance following light 
exposure during daytime[37]. While the cost and benefits of melatonin 
suppression for performance at night are well established, the same 
cannot be said for daytime exposure when melatonin concentration is 
at a minimum, although other hormones such as cortisol are certainly 
present and are influenced by exposure to light. 
There are a number of reasons why this is a difficult area to study. First, 
the impact of light exposure on the non-image-forming system 
depends on the retinal irradiance, the light spectrum, the timing of 
the exposure, the duration of exposure and the photic history of the 
individual. Usually, only one or two of these factors are considered in 
experiments. Second, the performance of cognitive tasks depends on 
many factors, lighting being just one of them. Third, there seem likely 
to be several different routes to the intermediate conditions such as 
alertness. For example, it has been shown that both short wavelength 
(blue) and long wavelength (red) light can increase alertness, but the 
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non-image-forming system is only sensitive to short wavelength 
light[38]. This might be expected because compared to the visual system, 
the non-image-forming system is slow, insensitive and non-locating. 
From an evolutionary point of view, relying on such a system to alert 
you about danger is a recipe for extinction. 
To summarise, while performance is still a topic of interest because of 
its relationship with productivity and wealth generation, research 
activities have generally moved on from the relative simplicity of the 
effect of light on visual performance to the more complex area of 
cognitive performance and the effects of light operating through the 
non-image-forming system. This is an interesting but difficult field of 
study and, as a result, there is no coherent understanding of the role of 
lighting at present.
2.5 Health
The ability of optical radiation to damage both eye and skin tissue has 
been appreciated for many years with the result that there exist 
standards and guidance about maximum levels of exposure to light[39]. 
The advent of phosphor-converted LEDs as a major light source with 
their peak emission in the short wavelength visible has resurrected 
interest in this field, particularly the blue light hazard[40].  Similarly, the 
fast response time of LEDs and their resulting sensitivity to any instability 
in the LED drivers has resurrected interest in flicker as a cause of 
migraines and illusions, resulting in more standards and guidance[41].
But one aspect of health, and its rather more nebulous companion 
well-being, that has generated a lot of research activity has been the 
effect of light on the non-image-forming system. It is well established 
that long-term and frequent disruption of the human circadian system 
is often associated with serious ill health[42]. This has resulted in efforts 
to discover how light can be used to limit circadian disruption[11]. Of 
course, one possibility would be to insist that everyone should sleep at 
night and be awake by day but this is seen as unrealistic in what has 
become a 24-hour society. For those who have to work at night, 
particularly those working rapidly-rotating shifts, schedules of exposure 
to light have been proposed to minimise circadian disruption while 
ensuring adequate performance[43]. 
For those who sleep at night and work during the day, there is 
considerable interest in ensuring enough light exposure to stabilise the 
circadian system. One way to do this is to go outside in the middle of 
the day but this may not always be possible, or effective, depending on 
the weather or the location. This has resulted in attempts to make 
lighting more effective in stimulating the non-image-forming system 
either by increasing the ingress of daylight into a building, by changing 
the spectrum of the electric lighting to provide more short-wavelength 
emission, or by increasing the illuminance provided at the eye by the 
electric lighting. 
These have all been approaches aimed at the general population. 
However, there are some groups whose health is known to benefit 
from enhanced light exposure. One such group are those who suffer 
from seasonally-affective disorder. Exposure to bright light during 
periods of limited daylight has been shown to alleviate the symptoms 
of this condition[44]. Another group who have been shown to benefit 
from enhanced exposure to light at the right time are those who suffer 
from dementia[45]. Delivering light to the eyes of such people during the 
day is not easy using conventional lighting so a simple light table has 
been suggested[46]. There is little doubt that light and health has 
become a major area of research as it has the potential to improve the 
lives of many people.
 
3. The future
From the above it should be clear that lighting research has been very 
active. The question now becomes, what is its future? Before that 
question can be answered it is necessary to consider what determines 
its future. This is its value to society and that, in turn, depends on the 
reasons it was undertaken. Lighting research can have a number of 
different objectives. One is to develop a new product … a light 
source, a luminaire, or a control system that can be marketed and 
sold at a profit. Another is to gain new knowledge so as to explore a 
new concept or to develop a new model from which predictions 
about future uses can be made. Yet another is to change lighting 
practice so as to deliver the lighting that people desire in a sustainable 
and economic manner. How recent lighting research fits into this 
framework will now be considered, as will what is required from 
research to achieve these objectives.
3.1 New products 
The history of lighting is a story of innovation. From incandescent to 
discharge to solid-state light sources, the story has been one of 
steady development interspersed with sudden and dramatic changes. 
The advent of solid-state lighting and the disruptive effects it is 
having on the lighting industry is only the latest of these changes. 
The brutal truth is that, whatever lighting equipment offers a good 
combination of luminous efficacy, appropriate light output, 
reasonable colour properties and a long life, all at an attractive price, 
that equipment will be widely adopted. Solid-state light sources are 
still being developed but the areas of research that seem most likely 
to be influential in the future are in the areas of artificial intelligence 
applied to lighting controls and 3D printing applied to luminaire 
design. It is not science fiction to believe that homes and workplaces 
equipped with lighting that has learnt the preferences of the 
occupants in different situations will soon be with us. But it is not 
enough to have a product that is new. Newness, itself, is of interest 
to only a few. What is essential for widespread adoption is that the 
product should offer something that was not possible before, 
something that makes a desirable outcome achievable in a convenient 
manner, at a reasonable price. Lighting research to achieve such 
products is ongoing. How successful it is will be for the market to 
decide. 
3.2 New knowledge                  
The search for new knowledge might be thought of as an academic 
exercise; certainly, generating new knowledge is the key to academic 
success. Yet new knowledge is also the key to new ideas and new 
products. Consider what has followed from the discovery of the 
intrinsically-photosensitive retinal ganglion cells and their link to 
the non-image-forming system. The consequences have ranged from 
a large number of studies exploring the effects of different light 
spectra, different radiant flux, different timing and different durations 
of exposure leading to a number of models of the impact on mela-
tonin concentration, as well as a new way to represent circadian 
disruption. These, in turn, may lead to light sources weighted to 
provide a high level of circadian stimulation and lighting designed to 
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provide both visibility and circadian stimulation. Before this can 
happen, there will need to be some consensus reached on the best 
way to quantify the circadian stimulation provided.   
Unfortunately, outside of the field of circadian stimulation, there has 
been little by way of new concepts or models. It is true there is a new 
model for discomfort glare[47] but this is of little practical interest 
because discomfort glare is largely a non-problem today. Luminaire 
designers know how to minimise discomfort glare. A similar situation 
is evident for work on the calculation of mesopic luminances[48]. 
Luminances far into the mesopic region are rare. Most outdoor 
lighting standards recommend luminances in the low photopic or 
high mesopic range so the consequences of correcting for mesopic 
luminance are minimal. There have also been a few studies looking at 
the life-cycle costs of lighting[49], [50] but these have had little impact. 
Where interest has been rising is in the psychological effects of 
lighting. Studies of learning in schools[51], recovery from medical 
operations[52] and perception of brand identity[29] have all demon-
strated that the form of lighting used can have beneficial or 
detrimental effects on desirable outcomes. These effects tend to be 
probabilistic rather than certain and are associated with specific 
situations. Nevertheless, in the given situation they can be real 
enough and suggest that lighting has a consistent role to play in 
influencing behaviour. Yet other studies have been devoted to explor-
ing the effect of lighting conditions on mood and behaviour[53-55]. 
Many of these studies can be considered to be proof of concept 
studies, i.e., they seek to establish that lighting does have an effect 
on the specific outcome and therefore should be considered when 
studying all the factors. Unfortunately, this is just the first step on 
what is likely to be a long and tortuous path to a full understanding 
resulting in a model capable of quantifying the role of lighting. 
An example of such a development is the work of Veitch et al[56]. This 
reports two laboratory studies using simulated office spaces in which 
temporary office workers did a range of office tasks over a day. Two 
statistical analyses of the data revealed a series of links which 
demonstrated that people who perceived their office lighting to be of 
higher quality rated the office as more attractive, reported a more 
pleasant mood and showed greater feelings of health and well-being 
at the end of the day. Other studies have demonstrated that satis-
faction with lighting contributes to greater environmental satisfaction, 
which in turn leads to greater job satisfaction, a factor that influences 
organisational commitment[57]. 
The defining feature of such models is that lighting is just one among 
many aspects of the situation that have to be considered when 
estimating the likelihood of the desired outcome, no matter whether 
it be mood, behaviour or cognitive task performance. Further, all 
three of these outcomes depend on the context. For example, if the 
context is a shop and the desired behaviour is for an item on show to 
be sold, there is no doubt that the way the item is lit has a role to play 
in making the item look attractive. The way the space is lit also has a 
role to play in bringing people into the shop and establishing the 
atmosphere they experience when inside. Unfortunately, the same 
could be said about the acoustic and thermal shop environment, the 
attitude of the shop staff and the price of the items on display, as well 
as the shopper’s finances and recent experiences completely unrelated 
to a possible purchase of the item. Given this complex pattern of 
potential factors influencing the desired outcome, it is very difficult to 
establish a model that reliably quantifies the role of lighting in 
achieving the desired aim. At the very least it will require multi-
disciplinary studies in a clearly-defined context, studies that are both 
expensive and time-consuming. It is unlikely that many such ambitious 
studies will ever be undertaken.
Given the difficulty of generating models of the effects of lighting on 
outcomes remote from visibility, does this mean that research in these 
areas is impossible? I think not, although what is possible will be less 
ambitious. Basically, what is proposed is to restrict study to whatever 
aspects of the desired outcome are primarily determined by lighting. 
In much the same way that visual performance has been separated 
from task performance by studying it using tasks where the non-
visual components have been minimised, the suggested approach for 
the shop would be to study how lighting can be used to make the 
item to be sold most attractive, and how the ambient lighting affects 
people’s perception of the atmosphere in the shop. The rationale for 
such an approach would be that the best identified lighting would be 
making as big a contribution to the desired outcome as it could, any 
failure to achieve the desired outcome being most likely due to some 
other non-lighting factor. It is this approach that has led to the studies 
on how lighting affects alertness described above, the assumption 
being that an alert individual will perform any task better than one 
who is sleepy. Such studies would certainly be less expensive and 
less difficult than attempting to identify the role of lighting among a 
host of competing factors and, thus, represent a practical way 
forward for studying such probabilistic outcomes as mood, behaviour 
and cognitive task performance.  
3.3 Changing lighting practice   
The overarching aim of many people involved in lighting research is 
to change lighting practice so as to deliver the lighting that people 
desire in a sustainable and economic manner. There are a number of 
ways to do this. One way is to produce a better product. The growth 
in the use of solid-state lighting has been driven by the fact that these 
light sources offer a higher luminous efficacy, a longer life and good 
colour properties, all at a reasonable price. Another example is the 
change in outdoor lighting where fully-shielded luminaires have been 
developed in response to the public concern about light pollution.  
Another way is to use legislation to ban the use of specific products, 
usually energy inefficient products. This approach has been used for 
many years resulting in the removal of electromagnetic ballasts, 
incandescent lamps and, most recently, halogen lamps, from the 
market. 
Yet another way is to change lighting standards or recommendations. 
This is effective because only the most self-confident lighting 
designers or electrical contractors are willing to ignore lighting stand-
ards and guidance because, to do so, would leave them open to 
litigation should the design prove to be unsatisfactory. Unfortunately, 
it is very difficult to get a standard changed even though most 
quantitative guidance on lighting is prepared by professional bodies. 
This is because most standards have a defensive screen of vested 
interests around them. A light source manufacturer who has designed 
a product range around existing colour metrics will not take kindly to 
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a new metric, particularly if some existing products would be 
downgraded. 
Similarly, lighting consultants who are familiar with daylight factor 
may not view having to learn a whole new method of daylight eval-
uation with much enthusiasm. Moreover, bodies that issue authorit-
ative guidance may have difficulty changing the basis of that guidance 
if it means admitting that they have been wrong for many years. 
Despite these defences, standards can be changed. To do this requires 
a good argument. Such an argument has to address a recognised 
problem, either a lighting problem or a policy issue related to lighting. 
Unfortunately, sustainability has not yet reached the critical mass 
necessary to cause a change in lighting standards. Given that a 
change in standards is necessary, what is required is a quantitative 
metric. Quantitative lighting metrics are what save the lighting world 
from anarchy. Without the lighting recommendations issued by 
authoritative bodies, and based on such metrics as illuminance on the 
working plane, illuminance uniformity, colour rendering index and 
unified glare rating, lighting practice would degenerate into a race to 
the bottom. Experience over many years has shown that qualitative 
advice issued by authoritative bodies has little impact. Then, the 
quantitative metric has to be easily understood, should make a 
significant difference, and has to be simple to implement in design 
and in practice. These are all requirements that the researcher should 
keep in mind if the aim is to change lighting practice.
Of all the research reviewed earlier, the quantitative metric most likely 
to change in the near future is the CIE Colour Rendering Index. An 
alternative and much more informative system for characterising light 
source colour properties has already been adopted as a standard in 
the USA and it is easy to understand[58]. The other attempt to change 
lighting practice, the removal of illuminances on the task plane as the 
basis of design and their replacement with the perception-based 
system of lighting design[30], [31], will take much longer, if ever, because 
it requires a compete reorientation of how lighting is designed, as 
well as a new set of metrics. Although it is claimed that the method 
developed simply follows the approach used by experienced lighting 
designers, it will require a lot of support for such a dramatic change 
in metrics to be accepted, as well as some assurance that the change 
will not lead to an increase in the amount of electricity used for 
lighting.    
The wild card in this area is the effect of lighting on health. Very few 
people care about lighting per se but many care about their health. If 
it can be shown that exposure to light of a specific spectra and 
amount is necessary for the health of the whole population, then 
lighting standards will need to change. At the moment, lighting 
standards are concerned solely with ensuring visibility without 
discomfort. These objectives will remain but, if health becomes an 
additional objective, then lighting standards and lighting practice will 
have to change. At the moment, research is concentrated on the 
fundamentals of how light exposure influences the non-image-
forming system. Research on application is rather limited and there is 
no agreement about how to quantify the stimulus delivered to the 
non-image-forming system so there is a long way to go before we 
can be sure about the effects of light exposure on human health. 
However, the potential for changing lighting practice is huge.
4. Conclusion
This paper has addressed the current state of lighting research and its 
future prospects. From the brief review of current research topics, it 
should be evident that lighting research is indeed active. What is not 
so clear is whether or not all that activity will lead to any improvements 
in lighting practice as it affects the bulk of the population. After 
writing this paper, I have to conclude that the answer is a definite 
maybe. New technology is waiting to be introduced. Some of this 
technology has the potential to allow people to choose the form of 
lighting they like, and to vary it as they desire. The market will decide 
if such technology is worth having. 
There is also a lot of new knowledge on the effects of lighting being 
produced. A lot of this has to do with lighting’s impact on the non-
image-forming system and the consequences for health. There have 
also been some attempts to explore the impact of lighting on remote 
effects beyond visibility such as mood, behaviour and cognitive task 
performance. Much of this is of doubtful value because these remote 
effects are determined by many factors other than lighting. If the aim 
is to demonstrate the benefits of lighting other than visibility, it is 
necessary to focus attention on those aspects of the desired outcome 
that can be strongly linked to light exposure.
As for attempts to change lighting practice, new colour metrics seem 
certain to be adopted soon, but expecting to completely reorient the 
purpose of lighting away from task visibility to lighting the space 
seems unlikely to succeed unless it can be demonstrated that it would 
make a significant difference to people’s satisfaction with lighting 
without imposing additional costs. One research area where this is 
not so is the impact of light exposure on human health. If it can be 
shown that lighting can have a significant impact on human health, 
then both lighting standards and lighting practice will have to 
change, regardless of the cost. This is the research area that is most 
likely to drive major changes in lighting practice. 
In conclusion, in my earlier paper[1] I said that for lighting research to 
flourish it had to move beyond studies of the effects of lighting on 
visibility and visual discomfort to studies of how lighting influences 
mood and behaviour. These studies should be done through the 
“message” that lighting delivers to the perceptual system and health 
and performance through the effect light has on the non-image-
forming system. That has certainly happened. But although lighting 
research is flourishing, it is not necessarily influential. To become 
influential, it needs to focus its attention on outcomes that matter to 
people and the elements of those outcomes on which lighting is 
known to have a major influence. 
Further, researchers will have to be determined to overcome the 
barriers to changing lighting practice. By doing this, lighting research 
will be seen to change the world for the better, to be an important 
topic, not an irrelevance.
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